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Table S3.  Drosophila Protein Phosphatases Required for Cell-Cycle Progression and Their Putative Orthologues 
 
Gene 
Name 
Putative 
Orthologues 
Gene Family Phenotypes in Current Study Previous Known Functions 
Pp1-87B (HS) PPP1CA, 
PPP1CC; (CE) 
gsp-2; (SC) 
GLC7; (SP) 
dis2 
PP1 catalytic Downregulation leads to an 
increase in mitotic index with 
cells accumulating at 
prometaphase, cell death and 
cells containing abnormally 
elongated anaphase-like 
spindles with unseparated 
sister chromatids moving 
toward to the same spindle 
pole.  An active spindle-
assembly checkpoint and 
undegraded cyclin B in such 
cells suggest a failure in 
chromosome congression.  
Required for 
dephosphorylating P-H3 upon 
mitotic exit. 
G2-M transition: required for M phase entry through 14-3-3-
regulated Cdc25 dephosphorylation in Xenopus [S10, S11]. 
Spindle assembly and chromosome stability: required for 
mitotic spindle organization and sister chromatid segregation in 
D. melanogaster [S12]; along with gsp-1, believed to play a role 
in maintaining chromosome cohesion protein REC-8 to sustain 
chromosome cohesion by antagonizing the aurora kinase AIR-2 
activity in C. elegans meiosis [S13]; required for kinetochore-
microtubule interactions in S. cerevisiae [S14]. 
Centrosome separation: inactives Aurora-A [S15, S16] and Nek2 
[S17], both of which are required for centrosome separation in D. 
melanogaster [S18] and in H. sapiens [S19, S20]. 
Dephosphorylation of mitotic histone H3: antagonizes Aurora 
kinase to dephosphorylate histone H3 in S. cerevisiae, C. 
elegans [S21] and H. sapiens [S22, S23]; in addition, it is also 
implicated in regulation of chromosome condensation at 
interphase in D. melanogaster [S24-S26]. 
Cytokinesis: present at cleavage furrow at the end of the M 
phase in S. cerevisiae [S27] and H. sapiens [S28]; conditional 
mutation in S. cerevisiae [S29] or microinjection of antisense 
oligonucleotides in H. sapiens [S30] resulted in defects in 
cytokinesis. 
flw (flap 
wing) 
(HS)PPP1CB; 
(CE)gsp-1 
PP1 catalytic RNAi cells or mutant larval 
neuroblasts display 
chromosome 
This PP1 isoform previously shown to dephosphorylate myosin 
light chain in D. melanogaster [S31]. 
alignment/segregation defects. 
mts 
(microtub
ule star) 
(HS)PPP2CB, 
PPP2CA; 
(CE)let-92; 
(SC)PPH22, 
PPH21; 
(SP)ppa2 
PP2A 
catalytic 
PP2A-
29B 
(HS)PPP2R1A
, PPP2R1B; 
(CE)paa-1; 
(SC)TPD3; 
(SP)paa1 
PP2A 
regulatory 
Downregulation of either the 
catalytic or structural A 
subunit of PP2A leads to an 
increase in the mitotic index 
with cells accumulating at 
prometaphase, abnormal 
chromosome behavior, and 
aberrant elongated arrays of 
spindle microtubules 
emanating from a single 
centrosomal mass.  
Consistently, knockdown of 
the structural A subunit leads 
to instability of the catalytic 
subunit.  Required for 
dephosphorylating P-H3 upon 
mitotic exit. 
G2-M transition: genetic, drug, and biochemical experiments 
from S. pombe, Xenopus, and starfish indicate that PP2A 
negatively regulates the G2-M transition by interacting with the 
machinery involved in Cdc2 activation ([S32] and reviewed in 
[S33]); evidence from S. cerevisiae however, supports a positive 
role for PP2A in the G2-M transition [S34, S35]. 
Spindle assembly: D. melanogaster mutants [S36] and C. 
elegans RNAi embryos [S37] display defects in spindle 
assembly. 
Apoptosis: inhibits apoptosis in D. melanogaster (reviewed in 
[S38]). 
wdb 
(widerbor
st) 
(HS)PPP2R5E, 
PPP2R5A; 
(CE)W08G11.
4; (SP)Par1 
PP2A 
regulatory 
Downregulation leads to an 
increase in the mitotic index 
with cells accumulating at 
prometaphase, defects in 
spindle assembly and 
chromosome 
alignment/segregation; 
complexes with MEI-S332 and 
is required for the normal 
localization of MEI-S332 to 
kinetochores. 
Chromosome stability: associates with hSgo1 and prevents 
precocious cohesin dissociation at centromeres [S39, S40]; 
associates with SP-Sgo1 and protect cohesin Rec8 from 
separase cleavage during meiosis I [S39, S41]. 
Cytokinesis: negatively regulates S. pombe SIN signaling [S42, 
S43]. 
tws/aar 
(twins/ 
abnormal 
anaphase 
resolutio
n) 
(HS)PPP2R2A
, PPP2R2B, 
PPP2R2D, 
PPP2R2C; 
(CE)sur-6; 
(SC)CDC55; 
(SP)pab1 
PP2A 
regulatory 
Downregulation leads to a high 
proportion of anaphase figures 
showing lagging 
chromosomes. 
Metaphase-anaphase transition and chromosome stability: 
negatively regulates anaphase entry in D. melanogaster [S44] and 
S. cerevisiae [S45-S48] through a mechanism independent of the 
known spindle checkpoint pathways; mutants from D. 
melanogaster [S49] and C. elegans [S37, S50] display lagging 
chromosomes and chromosome bridges. 
Spindle assembly: mutants from C. elegans display defective 
spindle assembly [S37, S50]. 
Cytokinesis: downregulation in C. elegans led to failure in 
cytokinesis [S37] [S51]; overexpression in S. pombe blocked 
septation, leading to an accumulation of binucleated cells [S52]. 
Pp4-19C (HS)PPP4C; 
(CE)pph-4.1; 
(SP)SPBC26H
8.05c 
PP4 catalytic 
(PP2A-like) 
PPP4R2r (HS)PPP4R2 PP4 
regulatory 
Downregulation of either the 
catalytic or regulatory subunit 
leads to an accumulation of G2 
cells associated with increased 
cell size. 
Centrosome maturation: PP4 catalytic subunit localizes to 
centrosomes during mitosis in D. melanogaster and C. elegans 
and to the pericentriolar material in human cells [S53]; human 
PPP4R2 binds to and colocalizes with PPP4C at centrosomal 
microtubule organizing centers [S54, S55]; implicated in the 
recruitment of pericentriolar material (PCM) components to 
centrosomes in C. elegans and D. melanogaster [S56, S57]; 
Drosophila mutant exhibit mitotic spindle microtubules are 
either absent, or aberrant and unconnected to the centrosomes in 
syncytial embryos [S57]. 
PPV (HS)PPP6C; 
(SC)SIT4; 
(SP)ppe1 
PP6 (PP2A-
like) 
Downregulation leads to an 
increase in mitotic index with 
cells accumulating at 
prometaphase. 
Cell-cycle progression: required in late G1 for progression into 
S phase in S. cerevisiae [S58, S59]; mutants of S. pombe however, 
display G2 arrest [S60]; their human counterparts can 
functionally complement loss-of-function mutations of S. 
pombe ppe1 and S. cerevisiae SIT4 [S61]. 
Chromosome stability: bound to chromatin and mutants 
display unequal segregation of chromosomes under the 
challenge of microtubule inhibitor in S. pombe [S62] 
PpD3 (HS)PPP5C; 
(CE)Y39B6A.
2; 
(SC)SPBC3F6.
01c; (SP)PPT1 
PP5 Downregulation leads to an 
increased frequency of both 
mitotic cells with low and high 
numbers of centrosomes, 
perhaps indicating a role in 
centrosome separation. 
Cell-cycle control: in H. sapiens, the potential cell-cycle 
function of this gene has been implied by its capability to binds 
to several cell-cycle regulators such as cdc16, cdc27 [S63], hsp70 
and hsp90 [S64]; also implicated in a p53-dependent cell-cycle 
arrest at G1 in response to glucocorticoids [S65, S66], S phase 
cell-cycle arrest in response to ionizing irradiation and UV 
irradiation [S67, S68] and in DNA-repair processes after ionizing 
radiation [S69]. 
CG1906/ 
Alphabet 
(HS)PPM1B, 
PPM1A 
PP2C Downregulation leads to a 
decrease in G1 phase cells and 
an increase in G2 phase cells 
associated with increased cell 
size. 
Cell-cycle signaling: Drosophila CG1906/Alphabet negatively 
regulates RAS/MAPK signaling [S70]; implicated in human p38 
and JNK signaling pathway [S71] and p53-dependent G2-M 
arrest and apoptosis [S72]. 
CG9311 (HS)PTPN23/
PTP-BL; 
(SC)BRO1; 
(SP)BRO1 
domain protein 
PTP Downregulation leads to 
defective spindles and mis-
positioned centrosomes 
detached from the spindle pole. 
Centrosome and cytokinesis: its human counterpart localizes 
at the centrosomes, the spindle midzone and the midbody, and 
plays a regulatory role in cytokinesis [S73]. 
csw 
(corkscre
w) 
(HS)PTPN11/
PTP2C/SHP-2, 
PTPN6/PTP-
1C/SHP-1; 
(CE)ptp-2 
PTP RNAi cells or mutant larval 
neuroblasts display low mitotic 
indices and abnormal 
chromosome behaviour in 
mitosis. 
N/A 
Ptp61F (HS)PTPN1/P
TP1B, 
PTPN2/TC-
PTP 
PTP Downregulation leads to 
abnormal chromosome 
behaviour in mitosis, increased 
G2 phase cells, and increased 
intermediate phase cells 
between 2C and 4C. 
The potential cell-cycle functions of its human counterparts 
have been suggested by the notion that both PTPN1 and PTPN2 
undergo mitosis-specific phosphorylation [S74-S76].  This 
phosphorylation may be mediated by CDKs (cyclin-dependent 
protein kinases) [S76]. 
PTP-ER N/A PTP Downregulation leads to a 
decrease in G1 phase cells, an 
increase in G2 phase cells and 
abnormal chromosome 
behaviour in mitosis. 
Cell-cycle signaling: functions downstream of Ras1 to 
downregulate ERK/MAPK [S77]; PTP-ER and DMKP3 perform 
partially redundant functions on the same substrate, ERK [S78] 
ssh 
(slingshot
) 
(HS)SSH3, 
SSH1, SSH2; 
(SP)Pmp1 
DSP Downregulation leads to an 
increase in mitotic index. 
Cytokinesis: regulates actin reorganization as downregulation 
of Ssh in D. melanogaster [S79, S80] or expression of a 
phosphatase-inactive SSH1 in H. sapiens [S81] led to abnormal 
accumulations of f-actin.  Cytokinesis defects were not 
observed in Drosophila S2 cells treated with dsRNA to inhibit 
Ssh [S80].  In H. sapiens however, the phosphatase activity of 
SSH1 decreases in the early stages of mitosis and is elevated in 
telophase and cytokinesis.  It colocalizes with f-actin and 
accumulates onto the cleavage furrow and the midbody.  
Expression of a phosphatase-inactive SSH1 induces aberrant 
accumulation of f-actin and phospho-cofilin near the midbody 
in the final stage of cytokinesis and frequently leads to the 
regression of the cleavage furrow and the formation of 
multinucleate cells [S81].  Defective cytokinesis was also found 
in Pmp1 null mutant in S. pombe [S82]. 
puc 
(puckered
) 
(SC)MSG5, 
SDP1/YIL113
W 
DSP Downregulation leads to a 
decrease in G1 phase cells, an 
increase in G2 phase cells, 
increased cell size, reduced 
copies of centrosomes and 
defects in chromosome 
alignment/segregation during 
mitosis. 
Cell-cycle signaling: the single phosphatase known to 
antagonize Jun N-terminal kinase (JNK) signaling in D. 
melanogaster [S83, S84].  Lack of JNK activity results in the 
initiation of premature endocycles and loss of Puckered leads to 
loss of endocycles in the Drosophila follicle cells [S85]. 
Centrosome functions: human JNK is reported to localize to 
centrosomes where it is active from early S through late 
anaphase peaking at metaphase [S86, S87]. 
myotubul (HS)MTMR2, DSP Downregulation leads to N/A 
arin MTMR1, 
MTM1; 
(CE)mtm-1 
defects in chromosome 
alignment/segregation during 
mitosis, a decrease in G1 phase 
cells, an increase in G2 phase 
cells and a significant increase 
in intermediate phase cells that 
may reflect aneuploidy arising 
from chromosome instability 
in mitosis. 
sbf (SET 
domain 
binding 
factor) 
(HS)CMT4B2/
SBF2/MTMR1
3, SBF1; 
(CE)mtm-5 
myotubularin-
like; anti-
phosphatase 
Downregulation leads to an 
increase in mitotic index, 
chromosome 
alignment/segregation defects 
during mitosis, a decrease in 
G1 phase cells, an increase in 
G2 phase cells and a significant 
increase in intermediate phase 
cells that may reflect 
aneuploidy arising from 
chromosome instability in 
mitosis. 
N/A 
CG3530 (HS)MTMR6, 
MTMR8; 
(CE)mtm-6; 
(SC)YMR1; 
(SP)SPAC19A
8.03 
DSP; 
myotubularin-
like 
Downregulation leads to a 
decrease in G1 phase cells and 
an increase in G2 phase cells. 
N/A 
Pten (HS)PTEN, 
PTENP1; 
DSP; PIP3 
phosphatase 
Downregulation leads to a 
decrease in G1 phase cells and 
Cell-cycle signaling: inhibits the activation of Akt (reviewed in 
[S88]). 
(CE)F46F11.3; 
(SP) ptn1 
an increase in G2 phase cells 
associated with increased cell 
size. 
string 
(stg) 
(HS)CDC25B, 
CDC25C, 
CDC25A; 
(CE)R05H5.2; 
(SC)MIH1; 
(SP)cdc25 
DSP Downregulation leads to an 
accumulation of large G2 cells. 
G2-M and G1-S transition: reviewed in [S89-S92]. 
 
Abbreviations are as follows: HS, H. Sapiens; CE, C. elegans; SC, S. Cerevisiae; SP, S. Pombe. Orthologues of Drosophila protein phosphatases 
were obtained from other organisms in the Inparanoid eukaryotic database [S93] [S94] (http://inparanoid.cgb.ki.se/ confidence value = 0.05 or higher). 
  
 
